Seven-year-old children (N = 65) participating in a study of the influence of infant temperament on socioemotional development performed an auditory selective attention task involving words that varied in both affective (positive vs. negative) and social (social vs. nonsocial) content. Parent report of contemporaneous child temperament was also collected, and individual differences in self-regulation in the affective (soothability) and cognitive (attentional control) domains were noted. Overall, children showed slower responses to stimuli that were either social or negative in content, with the largest effect elicited by words that possessed both traits. Children rated high in soothability and attentional control showed slower responses to social negative words. The other children showed little to no differential response patterns across the word categories. ERPs collected during the task indicated that processing differences were evident in the later more cognitive components of the ERP, especially in children low in attentional control. These findings indicate that performance on an auditory selective attention task can assist in identifying underlying patterns of affective processing.
Introduction
Individuals show an attentional bias for information congruent with or relevant to their current concerns (McNally, 1996) . This bias allows an individual to sort through a cluttered environment and identify environmental cues that either further one's goals or best match his or her current interests or emotional state. An attentional bias may become maladaptive if an individual is unable to disengage from particular aspects of his environment, thus creating a rigid and less flexible cognitive or behavioral response (Fox, Russo, Bowles, & Dutton, 2001; MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002) . A growing literature has shown that many clinical populations, particularly those within the class of anxiety disorders, display disturbances in attention bias, including the selection and interpretation of affective stimuli (Ehrenreich & Gross, 2002; Fox, Russo, & Dutton, 2002; Pauli et al., 1997) . For example, individuals with panic disorder are prone to detecting body-related stimuli, particularly threat cues, at lower thresholds than their peers (Foa & McNally, 1986) and then misinterpreting these sensations as signs of impending catastrophe (Clark, 1988) .
In examining individual differences in selective attention, researchers have found it difficult to tap into the underlying psychological mechanisms using explicit measures of affective processing. As a result, there are a growing number of measures designed to implicitly test individual affect biases and selective processing patterns. Prominent among these tasks are the affective priming task (Fazio, Sanbonmatsu, Powell, & Kardes, 1986), the emotional Stroop task (Norman & Shallice, 1986) , the implicit association test (Greenwald, McGhee, & Schwartz, 1998) , and the affective Simon task (De Houwer & Eelen, 1998) .
These tasks are designed to examine the bi-directional influences of affective and cognitive processes. Emotions may be thought of as the driving energy observed in arousal levels and behavioral movement toward or away from environmental stimuli, while cognitive structures serve as the rule-bound organization and content of the behavioral scheme (Crick & Dodge, 1994) . As such, emotions can alternately strengthen or disrupt the efficiency of information processing (Vasey & Daleiden, 1996) .
Each of these tasks has examined different parameters of the affect-cognition balance such as cognitive load (Keinan, Friedland, Kahneman, & Roth, 1999) , the affective content of the stimuli to be processed (Pollak & Tolley-Schell, 2003) , the affective context of testing (Chajut & Algom, 2003) , and individual differences in cognitive ability (Gainotti, Marra, & Villa, 2001) or affective characteristics (Ehrenreich & Gross, 2002) . Taken together, the data indicate that the functional balance between cognitive processes (e.g., attention) and emotional processes is dynamic, reflecting the particular characteristics of the task at hand and the individuals called upon to carry out the task.
The literature on the implicit testing of affect processing is of great theoretical interest in psychology in general. It is also of great practical use in developmental studies since children often have difficulty with more complex tasks that require extensive verbal skills or the retention of complex rule sets. Along these lines, developmental studies have demonstrated that children show differential patterns of processing with affective stimuli that are early appearing, potentially enduring, and possibly linked to the formation of higher-order socioemotional functioning. Generally, children appear sensitive to the affective context of the task before them, as seen in a recent study by Lewis and Steiben (2004) using a traditional and affective version of the Go/ No-Go task. They found that the electrophysiological measures of anxiety rose and fell as an affective threat was added and then removed from blocks of trials. Similarly, Martin and Cole (2000) found that children who ranked low in popularity and social acceptance by their peers preferentially attended to socially negative words relative to popular children. Pérez-Edgar and Fox (2005) found that shy or anxious children showed differential attention to spatial cues linked to threatening stimuli (see also Pine et al., 2005; Vasey, Daleiden, Williams, & Brown, 1995) . In addition, selective attention patterns to emotion words have been linked to patterns of maladjustment that persist from pre-school to middle childhood (Pérez-Edgar & Fox, 2003a) .
One factor that may potentially impact the functional balance between cognitive and affective processing is individual variation in temperamental reactivity and regulation. Kagan (1994) refers to temperament as any moderately stable, emotional or behavioral quality whose appearance in childhood is influenced by an inherited biology. Research has found that individual differences in behavior can be seen within the first 3 months of life. For example, infants vary in their likelihood to cry to maternal separation (Davidson & Fox, 1989) , fret and fuss to novel stimuli , show vigorous motor activity (Kagan & Snidman, 1991) , and express spontaneous smiles (Rothbart, 1991) . Many of these early behaviors are viewed as markers for the infant's temperamental reactivity.
Individual differences in the tendency to experience and express negative affect are early appearing and often enduring. At 4 months, some infants are prone to vigorous displays of negative affect when confronted with novel sensory stimuli (Fox, Schmidt, Calkins, Rubin, & Coplan, 1996) . These infants often develop into behaviorally inhibited toddlers and socially withdrawn or shy pre-schoolers (Fox, Henderson, Rubin, Calkins, & Schmidt, 2001; Rimm-Kauffman, 1996) . There also appears to be a core psychophysiological profile that accompanies this pattern of behavioral and emotional reactivity. Infants who show negative emotional reactivity display high heart rate and low heart period variability (Calkins, Fox, & Marshall, 1996; Fox, 1989; Marshall & Stevenson-Hinde, 1998) , elevated cortisol levels (Schmidt et al., 1997) , heightened startle response (Schmidt & Fox, 1998 , but not Schmidt et al., 1997 , and right frontal EEG asymmetry (Bell & Fox, 1994; Calkins et al., 1996; Davidson, 1994; Fox, Henderson et al., 2001; McManis, Kagan, Snidman, & Woodward, 2002) .
As with most constructs shaped by developmental processes, the behavioral manifestation of temperamental reactivity changes over time, shifting from motoric displays of negative affect in infancy to withdrawn and subdued behavior in middle childhood. This shift may be attributable to the emergence of higher order cognitive mechanisms that can interact with and co-regulate affective tendencies.
Rothbart (Derryberry & Rothbart, 1988) has outlined three main constructs that shape temperamental variations in affect and behavior. The first construct, arousal, is thought to reflect central reactivity-the cortical arousal of perceptual and cognitive processing. The second construct, emotionality, focuses on affective states that are of particular interest to current temperament theory. These affective states include discomfort, fear, sadness, and pleasure. The third construct is self-regulation, as illustrated in studies of attention focusing, attention shifting, and inhibitory control (Derryberry & Rothbart, 1988) .
Self-regulation allows the child to suppress motivational tendencies, both negative and positive, in order to program behavior in conflict situations. As such, the child is somewhat freed from automatic affective drives and can respond more strategically to the context at hand. In this way, the young child begins to shape inborn behavioral tendencies through the effortful control of regulatory mechanisms (Posner & Rothbart, 2000) .
The ability to sooth and control attention may arise from repeated guided interactions with the larger environment, usually with the parent. Once these mechanisms are internalized, the child has a ready system for regulating affective processes when novel cognitive challenges arise (Posner & Rothbart, 2000) . Indeed, strategic deployment of self-regulatory mechanisms can be seen as early as 36 months of age (Kopp, 1982) , just as children begin to display more controlled behaviors and are about to enter into the ''age of reason'' (White, 1996) .
One central question in current temperament research attempts to isolate and examine the core processes that bridge temperamental differences in effortful control and socioemotional outcomes. Rothbart and colleagues have shown that individuals better equipped to regulate initial reactivity are less likely to show prolonged periods of negative affect. For example, their data suggest that infants prone to distress are less adept at shifting attention away from a distressing stimulus and have difficulty engaging in self-soothing activity (Rothbart, Posner, & Rosicky, 1994; Ruddy, 1993) . In addition, infants whose mothers rate them as showing poor attentional control are also prone to distress and less likely to show spontaneous smiles (Pérez-Edgar & Fox, 2003b) . At age four, these children show greater signs of social reticence.
The ability to self-regulate via selective attention may play an important role in observed patterns of socioemotional behavior. For example, Rothbart (Rothbart, Ellis, Rueda, & Posner, 2003) found less interference during a Stroop-like localization task among children rated high in effortful control. The current study examines children's patterns of attentional biases in response to the social, and emotional characteristics of word stimuli. To do so, the study utilizes a simple auditory identification task analogous to the emotion Stroop paradigm. It also investigates whether these patterns are shaped by individual differences in self-regulation profiles. Maternal ratings of soothability and attentional control were collected as part of a temperament questionnaire. Each measure is thought to reflect the child's ability to regulate within a cognitive or affective domain.
The emotional Stroop task is one of the most prominent implicit attention tasks (Williams, Mathews, & MacLeod, 1996) . The traditional Stroop task (Stroop, 1935) presents individuals with a series of words and asks them to name the color in which the word is written, while disregarding the actual meaning of the word. Individuals are faster to respond when presented with congruent stimuli (e.g., the word RED in red ink) than when the stimuli are incongruent (e.g., the word RED in blue ink). The emotional Stroop substitutes emotionally charged words for the color words normally used.
In his extensive review of the emotional Stroop literature, Williams et al. (1996) found that across a wide range of clinical populations individuals are slow in responding to stimuli idiosyncratic to their disorder. These individual differences appear to track the participant's degree of impairment and amenability to treatment (Mattia, Heimberg, & Hope, 1993 ). The emotional Stroop task has also been used successfully with nonclinical populations when stimuli are derived from individual interviews (Logan & Goetsch, 1993; Riemann & McNally, 1995) or when stimuli match experimentally induced moods (Gilboa-Schechtman, Revelle, & Gotlib, 2000; Richards, French, Johnson, Naparstek, & Williams, 1992; but not Gotlib & McCann, 1984; Riemann & McNally, 1995) . The data from the Stroop task are in line with recent studies that find distinct patterns of neural responsivity to subjectively significant emotional stimuli (e.g., Ofek & Pratt, 2005) .
In examining the task, De Houwer (2003) has noted ''what is structurally unique about the emotional Stroop task is that it examines the effects of the task-irrelevant valence of stimuli in a situation where S-S and S-R compatibility are not manipulated'' (p. 229). In the traditional Stroop, the target response (i.e., ink color) is in direct perceptual conflict with the irrelevant distractor (i.e., color word). However, in the emotional Stroop, there is no longer a direct coupling within the S-R pattern. The task is now, despite its pedigree and name, more akin to measures of selective attention than to the specific perceptual conflict seen in the original task. As such, De Houwer (2003) concluded that once the direct S-R coupling is broken, ''the other aspects of the task should not be crucial' ' (p. 229) .
Indeed, a number of ''Stroop-like analogs'' have been used in the last 2 decades to great effect. These analogs include (using the individual authors' terminology) a counting Stroop (Whalen et al., 1998) , a pictorial Stroop (Gherstadt, Hong, & Diamond, 1994) , a pictorial emotional Stroop (Kagan, Snidman, & Arcus, 1995) , a Stroop-like crossmodal spatial cueing task (Mayer & Kosson, 2004 ), a Stroop-like spatial identification task (Rothbart et al., 2003) , a face-word Stroop analog (Anes & Kruer, 2004; Kavcic & Clarke, 2000) , and both tone- (McClain, 1983; Morgan & Brandt, 1989) and genderbased (Green & Barber, 1983; Jerger, Martin, & Pirozzolo, 1988; Most, 1999) 
auditory Stroop analogs.
Given the variable reading levels often seen in young children, an auditory analog of the emotional Stroop task was used in the current study. Children listened to words presented by either male or female speakers and were asked to identify the gender of the speaker. While it is unlikely that simply hearing a word triggers a deep semantic analysis (Heinrichs & Hofmann, 2004) , single words do trigger some processing, as can be seen in priming (Plaut & Booth, 2000) and semantic incongruity tasks (McCallum, Farmer, & Pocock, 1984) . The words presented in this study varied in social and emotional content in hopes of targeting the issue of peer relationships and friendships. This theme was specifically targeted since some of the children in this study were previously identified as exhibiting temperamental fearfulness/behavioral inhibition. These children had just started elementary school, and the issue of peer relationships is often extremely important for children at this time. The children in this study are navigating an ever-expanding social world of school and neighborhood, which would require a strong self-regulatory system for adaptive functioning (Kopp, 2002) . Children with a temperamental bias towards fear and social avoidance may find this transition particularly difficult. They may have had fewer experiences in social situations, which may impede their ability to develop skills necessary to meet these new developmental challenges. It may be that early temperamental biases in attention and affect set in motion a self-reinforcing cognitive and behavioral loop involving few or poor social relationships and high levels of anxiety that continues on into early childhood.
In order to supplement the behavioral reaction time (RT) data generated by the task, event-related potentials (ERPs) were also collected during the task. The psychophysiological research literature has focused on determining the link between individual ERP components and discrete neural or psychological processes. For example, the N400 is thought to reflect the detection of linguistic discrepancies (Connolly, Phillips, Stewart, & Brake, 1992) . Researchers interested in the neural underpinnings of affect have, in contrast, failed to uncover a dedicated ''affective'' component. Instead, perturbations in affect or motivation appear to moderate the ERP components normally generated by the particular task at hand (Lewis & Steiben, 2004; Ofek & Pratt, 2005) .
For example, late components of the ERP appear to reflect the discrepant nature of stimuli undergoing cognitive or affective processing (Pauli et al., 1997) . In particular, affective stimuli elicit more positive P300s and late positive slow waves than neutral stimuli in selective attention tasks (Ito, Larsen, Smith, & Cacioppo, 1998; Kostandov & Azumanov, 1977; Williamson, Harpur, & Hare, 1991) . This effect is even more pronounced when the stimuli are tailored to individual participant concerns. For example, Pauli et al. (1997) found that panic patients showed larger P300s and positive slow waves to somatic vs. nonsomatic stimuli.
As a result, the current study chose for analysis ERP components that have previously been linked to processes elicited by similar selective attention tasks. The data analyses focused on three ERP components thought to reflect different aspects of early word processing: N2 (initial orienting and resource allocation), P3 (stimulus evaluation time and attentional requirements needed to generate a behavioral response), and the slow wave (attention allocation in the response selection phase).
Based on previous work (e.g., Ehrenreich & Gross, 2002; Fox et al., 2002; Lewis & Steiben, 2004; Martin & Cole, 2000; Pérez-Edgar & Fox, 2003a; Rothbart et al., 2003) , a number of predictions were made concerning the current study. First, although the word categories are equivalent in their level of S-R incompatibility (Ragot & Fiori, 1994) , we expected to see differential responses linked to the context (social vs. nonsocial) and valence (positive vs. negative) of the stimulus word. The general presumption in the literature is that attentional effects are driven by biases toward threat, particularly among individuals with affective concerns (e.g., anxiety). As such, we should see the greatest behavioral (slowed RTs) and psychophysiological (enhanced ERP amplitudes) effects for social negative words, particularly among children rated less adept in self-regulation at either the affective or cognitive domain.
Method

Participants
Participants were recruited from a large metropolitan area for a longitudinal study of the behavioral and physiological correlates of temperament. A subset of participants (N = 58) was recruited from the longitudinal cohort for the current study. An additional seven children were recruited from the community at the time of the study. A total of 65 children (36 male, 29 female) participated in the study at age seven.
Data from one child (a male) were not included in the analyses due to the diagnosis of a serious psychological disorder. Mechanical error disrupted data collection for two children (both girls). Three of the children (all boys) were unable to participate in the behavioral task. However, they each completed temperament questionnaires. In total, there were questionnaire data on 64 children and behavioral data for 61 children.
Temperament classification
Children were grouped along two dimensions based on maternal report on the Colorado Child Temperament Inventory (CCTI; Buss & Plomin, 1984) . This 30-item measure asked mothers to rate their child with a 5-point Likert scale on six factors pertaining to different dimensions of child temperament: emotionality, activity, attentional control, soothability, shyness, and sociability. Data on the reliability and validity of the CCTI can be found in Rowe and Plomin (1977) .
The data presented here focus on ratings from the attentional control and soothability scales. For each scale, the children were median split into two groups. Attention scores ranged from 2.2 to 5.0, with a mean rating of 3. 
Measures of behavioral adjustment
Mothers also rated their children's behavior using the Child Behavior Checklist (CBCL; Achenbach, 1991) . The CBCL is a 113-item checklist in which parents use a 3-point scale to rate behavior problems in their child. The CBCL yields eight narrow-band factors: social withdrawal, somatic problems, anxiety/depression, social problems, thought problems, attention problems, delinquency, and aggressive behavior. These factors can be further reduced to two broadband factors: internalizing and externalizing behavior problems. None of the children in the current sample were rated in the clinical range for either internalizing or externalizing behavior problems.
Auditory selective attention task
In this study, children were presented with a series of 60 words via headphones (see Appendix A). The list of words was repeated three times, for a total of 180 trials. A 1-min break followed each list. Half of the words in each list were spoken by a male, the other half by a female. Two male and two female voices (recruited from the community) were used in order to discourage feature-based processing. Order of presentation, speaker gender, and speaker identity were counterbalanced across the three lists.
A large pool of potential word stimuli were rated on separate 7-point Likert scales on emotional valence and social content (e.g., peer relationships, friendship). The included words form five categories: nonsocial positive (high positive rating, low social rating), nonsocial negative (low positive, low social), social positive (high positive, high social), social negative (low positive, high social), and control (neutral on both positive and social). There were 12 words selected for each category. Stimuli were matched across the five categories for frequency [nonsocial positive: x = 54.0, SD = 66.5; nonsocial negative: x = 53.8, SD = 60.2; social positive: x = 53.2, SD = 63.5; social negative: x = 52.2, SD = 61.8; control: x = 52.7, SD = 62.4] and number of syllables (Francis & Kucera, 1982) .
Word presentation (ITI = 4000 ms; time-out latency = 3500 ms) was controlled by the STIM stimulus presentation system from the James Long Company (Caroga Lake, NY). The children were asked to identify the gender of the speaker by stating ''girl'' or ''boy'' into a microphone. RTs were collected for each trial through a voice triggered data collection system, and response errors were noted manually.
Physiological data collection
EEG signals were recorded with an electrode cap from frontal (Fz, F3, F4, F7, F8) , parietal (Pz, P3, P4), and occipital (O1, O2) sites, referenced to vertex (Cz) using the international 10/20 system (Jasper, 1958) .
1 Impedances were kept below 5 kX. The data from each channel were digitized at a 512 Hz sampling rate and calibrated to a 0.477 V rms 10 Hz signal that was input into each channel before testing. Vertical eye movements were recorded from electrodes placed above and below the right eye, while horizontal eye movements were monitored with electrodes placed at the external canthi of each eye. The digitized EEG data were manually edited for eye-blink (rise-time: 100 ms, fall-time: 150 ms, peak: 125 lV) or movementrelated (100 lV cutoff or visually discrepant signal) artifact. Eye blinks were regressed out using software provided by James Long Company (Caroga Lake, NY). All other artifact was expunged from the files.
For 28 of the children, signals were amplified by individual Grass AC bioamplifiers (Model 78D) using high-and low-pass filters of 0.10 and 100 Hz and a 60 Hz notch filter. The signal was digitized using Snapshot-Snapstream acquisition software (HEM Data Corp.). The data from the remaining 36 children were collected with SA Instruments isolated bioelectric amplifiers (San Diego, CA) using high-and low-pass filters of 0.10 and 100 Hz. The signal was digitized with the Snapmaster Data Acquisition System (HEM Data Corp.). A repeated measures ANOVA of EEG power using testing group as a between-subjects factor found no significant differences between children tested with the Grass AC amplifiers and the amplifiers by SA Instruments [F(1, 56) = 0.01, p = .93].
ERPs were collected for each word, referenced to a baseline from À100 ms to stimulus onset. Included trials were artifact free for the 1000 ms following word presentation. In order to minimize the number of analyses and increase the stability of the ERP measures, we only examined issues of valence and group effects in this paper.
ERPs generated by the positive, negative, and control words were separated into three individual files to create mean ERPs for each child. ERP components were chosen for analysis (see results section) based on a review of the grand ERPs, which were created by averaging together the ERPs from all of the participating children.
On average, there were 36.1, 37.0, and 17.6 artifact free trials per child for positive, negative, and control words, respectively. The disparity in number of useable trials was due to the fact that the ERPs for the emotional words were created by aggregating across the social and nonsocial subcategories. There was no significant difference in the number of useable trials between positive and negative words [t(58) = À1.30, p = .20]. In addition, the groups did not differ across the three word categories in the number of valid trials available [ts < 1.13, ps > .27; Fs < 0.68, ps > .57].
As in other studies involving the relations of EEG to emotional and cognitive development (Marshall, Drummey, Newcombe, & Fox, 2002; Pérez-Edgar & Fox, 2003a Pérez-Edgar, Fox, Cohn, & Kovacs, 2006) , this study used average referencing in analyzing the EEG and ERP data. Although large sensor arrays are ideal when relying on average reference, (Davidson, Jackson, & Larson, 2000; Dien, 1998; Hagemann, Naumann, & Thayer, 2001) , the scalp distribution of the electrodes in the present study was extensive enough to justify use of this reference configuration , Marshall, Bar-Haim, & Fox, 2002 .
In plotting ERPs produced via average referencing, the ERP waves from the posterior sites (i.e., parietal and occipital) are inverted relative to the anterior sites. The components presented here were labeled based on their appearance in the ERPs produced by the frontal electrodes (Dien, 1998 ).
Statistical analyses
Before the analyses, RT data were edited for each child to remove error trials as well as any trials more than two standard deviations from his or her grand mean. Mean RTs were then calculated for each of the word categories. Children whose overall RTs were more than two standard deviations from the study mean were removed from further analyses. Error trials were then removed from the ERPs before processing. Children performed very well in this task, with accuracy rates of 97%.
The analyses presented below employ repeated measures ANOVAs. In order to minimize the risk for Type 1 error, the Greenhouse-Geisser (G-G) procedure was applied when appropriate (Geisser & Greenhouse, 1958) . The degrees of freedom indicated in the text are those before the G-G correction. However, epsilon (2) was noted when less than 1.0. Subsequent post hoc comparisons employed the Tukey test.
Results
Behavioral adjustment
Higher attentional control ratings on the CCTI were asso- Independent t-tests also found significant group differences in aggression and externalizing behavior problems [ts > 2.11, ps < .04].
A multivariate ANOVA was used to examine potential relations between the two temperament variables and behavioral adjustment. 
Behavioral data
Preliminary paired-sample t-tests indicated that the children were significantly slower in responding to social negative [t(57) = 5.38, p < .01], social positive [t(57) = 2.78, p = .01], and nonsocial negative [t(57) = 2.60, p = .01] words relative to the control words (see Table 1 ).
In addition, responses to the negative social words were significantly slower than to the other three social-emotional word categories [ts > 2.36, ps < .02]. The data indicate that each of the word categories, except for nonsocial positive, significantly slowed processing rates. In addition, the greatest effect was found for the negative social words. The social negative words may hold the most meaning or attract the greatest attention for the children in the study, thus producing greater processing competition during the task.
A 2 (Social) · 2 (Emotion) ANOVA was then used to examine RTs across the affective word categories. Negative words elicited significantly slower RTs than positive words [F(1,57) = 8.05, p = .01]. In addition, social words elicited significantly slower RTs than nonsocial words [F(1,57) = 11.65, p = .001]. The interaction between emotion and social content was not significant [F(1,57) = 0.47, p = .50].
Temperament
Attentional control and soothability were added as between-subjects factors to create a 2 · 2 · 2 · 2 ANOVA. Fig. 1 shows difference scores between negative and positive words for the social and nonsocial categories across the four groups.
As in the original 2 · 2 ANOVA noted above, the main effects of social content and valence were again significant [Fs > 10.02, ps < .003] while the interaction was not significant. There were no two-way interactions involving valence and temperament. However, there was an interaction between social content and soothability. Specifically, children low in soothability did not differentiate between social and nonsocial words [t(26) = 0.92, p = .37]. Children high in soothability were significantly slower in responding to the social words vs. nonsocial words [t(29) = 3.37, p = .002].
There were also two significant three-way interactions. The first interaction involved social content, valence, and attentional control [F(1,53) = 4.50, p = .04]. Children low in attentional control showed no significant differences across the word categories [F's < 2.16, ps > .15]. In contrast, the children high in attentional control showed significant main effects for valence and social content [F's > 9.03, ps < .01], and a trend toward an interaction between the two word categories [F(1,24) = 3.84, p = .06]. These results reflected the significantly slower RTs for the social negative words [ts > 3.67, ps > .001].
The second three-way interaction involved social content, valence, and soothability group [F(1,53) = 4.38, p = .04]. Children low in soothability showed a main effect of valence [F(1,26) = 4.77, p = .04], but not social content. In contrast, the children high in soothability showed a main effect of social content [F(1,29) = 12.28, p = .002] and a trend for valence [F(1,29) = 3.21, p = .08]. These data again reflect the slow RTs for the social negative words [ts > 2.20, ps > .04]. The four-way interaction was not significant.
Event-related potentials
General morphology
This study is among the first of its kind to employ ERP techniques. As such, an initial qualitative review was made of the resulting waveforms. The ERPs generated by the auditory processing task produced a number of distinct wave components (see Figs. 2 and 3) . Early in the waveform, there is a distinct P1-N1-P2-N2 complex, which closely mirrors the N1-P2-N2 complex seen in visual conflict tasks such as the traditional Stroop task (Atkinson, Drysdale, & Fulham, 2003; Bauer & Hesselbrock, 1999; Ilan & Polich, 1999; Liotti, Woldroff, Pérez, & Mayberg, 2000; West & Alain, 1999 , 2000a ; but not West & Alain, 2000b ).
This study found an attenuated P3 component and a marked negative slow wave late in the ERP. A similar auditory processing task in adults also mirrored these findings (Pérez-Edgar, Bhuiya, Marshall, & Fox, 2000) . West and Alain (2000a) have speculated that late slow waves in visual tasks may mark the additional processing time needed to (a) counteract the ongoing cognitive processing of word meaning and then (b) respond to the task demands. A similar mechanism may be at play in this auditory task.
Quantitative analyses
ERPs were analyzed for the components N2 (230-330 ms) and P3 (280-380 ms; see Table 2 ). In addition, mean amplitudes for the negative slow wave were computed across 2 time windows: 400-700 ms and 700-1000 ms. The wave was split into two segments in order to avoid distorting the mean measure.
For each component analysis, an initial 3 · 3 · 2 · 2 · 2 ANOVA was calculated. Word Category, Electrode Scalp Location, and Hemisphere were within-subject factors (see Table 2 ). Soothability and attentional control group served as the between-subjects measures. Analyses were then conducted separately for each electrode scalp location (i.e., frontal, parietal, occipital).
N2
There were no differences due to valence [F(2,100) = 1.81, p = .17, 2 = 0.98] in the early N2 component. However, the effect of hemisphere was significant with larger 
P3
Positive words elicited smaller component amplitudes than negative words [F(2,100) = 3.31, p = .04, 2 = 0.94]. In addition, P3 amplitudes were smaller in the right hemisphere than in the left hemisphere [F(1,50) = 9.01, p = .004]. This main effect of hemisphere was subsumed under a three way interaction with attention and soothability [F(1,50) = 3.18, p = .08]. As in the analysis with N2, the extreme pattern (here, low P3 amplitudes in the right hemisphere) was evident in the children high in both soothability and attentional control.
Slow waves
For the slow negative waves, each segment showed relatively large mean amplitudes for the positive words, although neither reached significance [Fs < 2.88, ps > .06, 2s > 0.91]. However, children in the low attentional control group exhibited greater mean amplitudes to the emotion words (both positive and negative) vs. control words in the frontal sites [Fs > 3.23, ps < .04, 2s > 0.85].
Echoing the data from the N2 and P3 components, each wave segment also showed a main effect of hemisphere [Fs > 4.57, ps > 0.04]. Larger mean amplitudes were found in the right hemisphere.
Discussion
A large number of studies have indicated that emotional stimuli may enjoy a privileged status within processing systems (Desimone & Duncan, 1995) . That is, given an array of objects in the environment, individuals often preferentially attend to affective stimuli. This response pattern is thought to aid adaptive functioning by rooting out potential threats or rewards. The current study found that children are significantly slower in responding when presented with words that hold a meaningful social or affective content, especially social-negative words. This pattern was evident despite the fact that the semantic content of the word was irrelevant to the task at hand (i.e., gender identification).
In this respect, the 7-year-old children in this study behaved much like their adult counterparts. The data are in line with the broader literature that has found a bias for threatening stimuli, as seen in slowed reaction times in Stroop-like tasks (Williams et al., 1996) and faster responses in cued attention tasks (Derryberry & Reed, 2002) . Examining the role of cognitive evaluations in affective processing, Lazarus (1966) suggested that individuals carry out a two-stage process when assessing environmental stimuli. During the primary appraisal stage, individuals judge a stimulus to be either threatening or benign. The secondary appraisal stage occurs when individuals evaluate potential adaptive responses. It is understandable that potentially harmful stimuli, in this case social negative words, would enjoy more attentional processing. However, the literature also notes that excessive attentional biases to threat have been implicated in the development and maintenance of anxiety disorders (Ehrenreich & Gross, 2002) .
Our preliminary analyses found that good self-regulatory skills may moderate individual vulnerabilities to a broad range of externalizing and internalizing difficulties. In particular, children with high in soothability and attentional control exhibited fewer behavioral and emotional difficulties.
In similar selective attention tasks, poor attentional control and/or attention biases for threat have been indexed through increased RTs in response to threatening or negative stimuli (Williams et al., 1996) . In the current study, therefore, one may have expected that children with poor self-regulatory skills and higher levels of behavioral difficulties (i.e., the children in the low attentional control or low soothability groups) would have had the slowest RTs to the social negative words. This assumption is bolstered by a traditional Stroop study (González, Fuentes, Carranza, & Estévez, 2001) , which found that children who were either high in activity level, high in impulsivity, or low in inhibitory control showed greater Stroop interference. In addition, those children who were both high in activity level and low in inhibitory control showed the largest interference scores.
However, in the current study, the children rated low in self-regulation showed little to no differential effects across the word categories. The children rated high in self-regulation, in contrast, selectively attended to the social negative words, perhaps making a strategic response in light of the varying threat levels. The specificity of the response could be taken as an indication of the well-developed selective attention system in these children.
There are a number of additional factors that could help explain the current pattern of result. First, the use of auditory stimuli in this study may have highlighted the need for effective attentional/memory processes in this class of tasks. Anderson and Holcomb (1995) noted that ''with visual stimuli, information is available from the moment of presentation and throughout the duration of the stimulus. With auditory stimuli, the information is presented over time and the physical stimulus is rapidly replaced by silence or another word'' (p. 188). The rapid removal of stimuli in auditory tasks may make it more difficult for children with poor attentional skills to carry out the semantic processing needed to produce interference effects.
Second, the pattern of results may have been due to the use of emotion words as the central stimuli. The use of a more ''ecologically valid'' stimulus such as an emotion face (Vuilleumier, Armony, Driver, & Dolan, 2001) or the use of an explicit emotion-induction task may complicate the task for children less able to regulate acute emotional triggers. Affective words may call upon only superficial categorization or processing. Face stimuli or induction tasks may be more likely to produce emotional responses Hermans, De Houwer, & Eelen, 1994) because they have more direct access to evaluative processes (Spruyt, Hermans, De Houwer, & Eelen, 2002) .
Third, these data may be shaped by the fact that the current study employed an entirely nonclinical sample. For example, Ehrenreich, Coyne, O'Neill, and Gross (1998) found that when children participated in a dot-probe task (e.g., Mogg & Bradley, 1998) using both words and emotional faces, children low in anxiety showed a bias toward threat cues. These data have led researchers to suggest that the pattern of attentional biases often noted in the literature is dependent on psychological concerns that rise to the level of a diagnosable disorder (McNally, Hornig, Hoffman, & Han, 1999 ).
Yet, recent work is beginning to suggest that there may be a developmental shift in attention patterns, thereby calling into question the clinical/nonclinical distinction seen in adults. Pine et al. (2005) recently found in a study using an emotion-face dot probe task a bias away from threat in maltreated. Similarly, Monk et al. (2006) found that healthy children displayed an attentional bias for threat faces, while anxious children directed attention away from threatening faces. Additional systematic work will be needed in order to outline the potential mechanisms and processes underlying these findings. In particular, Pine et al. (2005) have called for integrative studies that use parallel methods in children and adults to clarify these findings.
The ERP data also showed valence-linked differences in processing. However, as in the larger literature (De Pascalis, Strippoli, Riccardi, & Vergari, 2004) , the data were not straightforward. In the omnibus analyses, the children distinguished between valence categories in the later, more cognitive components (i.e., P3 and the late slow wave). However, the children did not exhibit a clear pattern of enhanced amplitudes for the threatening words. When considering individual differences, significant findings were only found for the frontal sites of the late slow wave. Here, the children low in attentional control showed enhanced amplitudes for affective words. Ironically, these data reflect our behavioral hypotheses better than the actual behavioral data.
In addition, hemisphere differences were found throughout the ERP wave. Hemispheric differences in the early components were qualified by an interaction with self-regulation ability. In addition, the data indicated that children high in both soothability and attentional control had more negative going ERP waves. This shift in polarity relative to the ERP zero line led to larger N2 amplitudes and smaller P3 amplitudes in children high in both soothability and attentional control. This processing difference may to some extent be a reflection of the behavioral distinction seen in this group of children.
This complex response pattern may have been the result of the small number of participants in each group or the relatively small number of valid ERP trials available. However, the general outline of the findings is heartening, particularly with the late slow waves. A late wave in the ERP may indicate a selective processing of emotional stimuli (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000) . When motivational systems in the brain are activated, a negative slow wave may reflect the brain's higher-order conceptual activity (Ruchkin, Johnson, Mahaffey, & Sutton, 1988 ). This pattern indicates that the ERP data are pointing to real processing differences that follow-up studies may be able to probe more effectively.
A number of explanatory mechanisms can be invoked to help understand the behavioral and ERP data. For example, the affect state hypothesis (Williams et al., 1996) argues that differential responding patterns are caused when stimuli provoke a brief emotional state that interferes with the efficient retrieval of the color name. Presumably, individuals differ in their responsivity to emotional stimuli and in their threshold for emotional responses. However, given the fast-paced presentation used in most studies, and the lack of a block design in the current study, it seems unlikely that emotional mechanisms could engage and disengage quickly enough to produce the observed interference patterns.
Yet, the brief incidental presence of emotionally meaningful stimuli can induce changes in a variety of cognitive processes without leading to tonic emotional responses (Maddock & Buonocore, 1997 ). An alternative explanation is that differential response patterns are cognitive phenomena that are not dependent on the current affective state of the individual. Instead, response patterns are the product of competition between two strong, conditioned response paths. The emotional stimuli are in a position to compete because of the rich semantic associations individuals build for meaningful emotional stimuli (Beck, Emery, & Greenberg, 1985; Bower, 1981) . These semantic associations will be more or less complex depending on the particular background of the person. This result may then lead to the individual differences documented in the literature (Schwartz, Snidman, & Kagan, 1996) . From this perspective, the stimuli need not evoke an emotional response in the individual. Rather, it must simply activate the individual's semantic net, thus triggering processing, and the eventual response competition.
While most theorists have assumed a mature adult system (Ehrenreich & Gross, 2002) , this work may still be applicable to a study of young children. It is likely that by age seven an individual's lexical-semantic network for emotions is quite elaborate. A child's emotional descriptive language first emerges at approximately 20 months of age and increases rapidly thereafter (Ridgeway, Waters, & Kuczaj, 1985) . Therefore, the children participating in this study would have had over five years of experience to incorporate into the organization of the lexicon. They have entered school and have experienced numerous episodes of social interaction and social feedback.
The children with 'good' self-regulatory skills may be able to rely on a threat evaluation system (Mathews & Mackintosh, 1998) , which effectively prioritized ongoing threat information, giving preference to the most severe danger. After assessment comes an adaptive response that allows the child to turn to the central task at hand. In this sense, the child may sacrifice rapid responses in order to satisfy self-protective mechanisms.
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